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(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a hot-rolled steel 
sheet excellent in workability by allowing it to have a 
specified compsn., also allowing the contents of 
specified elements to have a specified relation and 
allowing it to have a metallic structure composed of 
bainite of a specified volume fractional rate as the 
main phase and at least one kind among pearlite, ferrite 
or the like as a 2nd phase, and in which the bainitic 
phase has the specified average grain size. 

SOLUTION: The steel sheet having a compsn. contg., by 
weight, 0.05 to 0.20% C, 0.05 to 0.50% Si, 1 .0 to 3.5% 
Mn, 20.05% P, 20.01% S, 0.005 to 0.30% Nb, 0.001 to 
0.10% Ti, 0.01 to 1.0% Cr, 20.10% Al, and the balance 
Fe with inevitable impurities, and in which each content 
of Si, P, Cr, Ti, Nb and Mn satisfies the relation 
expressed by the inequality is prepd. Moreover, its 
metallic structure is the one composed of bainite of 
60 to <90% in a volume fractional ratio as the main 
phase and at least one kind among pearlite, ferrite, 
residual austenite and martensite as a 2nd phase, and in 



which the average grain size of the bainitic phase is 
controlled to <4 ^m. 
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(57) (DE3E*) 
mm) 980 MP a&±©5l3Raftft*StJRi-4-rfc t> 

[S?&*J£] C, SU Mn, P, S, Nb, Ti, Cr, AU 

aSlitf^, E*>UXi±— fiitiPLr. 1100-1300'ClcijD 

mLtz<7>*>, ft±tfi±]ffi^7iaa 950-800 icu-caw* 

ffiiSU ffiS»T» 0.5&Jart»=*ai*BiteLT, 30"C 
/sec W.±<0?^*PjajS-C?^*P«:fi ; vs 500 - 300 tfi| 
HX.|>i i: tr <t »K •*«^-e60 -90%*?S<7)^^^-^ h 




800 1000 1200 1400 1600 

TS (MPa) 



1800 



1 

[tt*«l] C : 0.05-0. 20wt%, 
Si : 0.05-0.50wt%, 
Mn : 1.0 -3.5 wt%, 
P : 0.05wt%^7\ 

s : o.oiwt%mr, 

Nb : 0.005 -0.30wt%. 
Ti : 0.001 -0.100wt %, 
Cr : 0.01-1.0 vit%&±{f 
Al : 0.1 wtS6 JBLT 

0.05^((wt%)Si + (wt%) P) /((wt%)Cr + (wt 
%)Ti + (wt%)Nb + (wt%)Mn)£0.5 

LT£*U #»^"C60- 

[W*«2] JC|B*Oil*tC*JV^T, ±f£Jftfr 

offers f,^ 

AS ; Co : 0.01—1.0 wt%, 
Ni : 0.01-1.0 wt%> 
Mo : 0.01-1.0 wt%, 
V : 0.01— 0.3 wt%, 
Zr : 0.01— 0.3 wtJ*:fcJ;t* 
B : 0.0001— 0.0050wt5K 

B» ; Ca : 0. 0001-0. 0050wt5*33«fct* 
REM : 0.0001— 0.0050wt% 

[»*^B3l C : 0.05-0. 20wt%, 
Si : 0.05-0.50wt%, 
Mn : 1.0 -3.5 wt%, 
P I 0.05wt%filT\ 

s : o.oiwt%WT> 

Nb I 0.005 -0.30wt%, 
Ti I 0.001 -O.IOOwt %, 
Cr ! 0.01-1.0 wt%£ J: 
Al : o. 1 wtX fiJLT 

«3, *o±BSi, P, Cr. Ti. Nbi3j:OTyinco^^ft(i 

**: 

0.05^((wt%)Si + (wt%) P) /((wt%)Cr + (wt 
%)Ti + (wt%)Nb + (wt%)Mn)^0.5 

(i-a<tiPLT. iioo-i3oor:tziniftL^:o*>, ft±*f 
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EE4*7»ft 950-800 "Ctcr^raffJEL, JEifi^T^ 
*-C**P*fTV\ 500-300 t;^*^4 

A» ; Cn : 0.01—1.0 wt%. 
Ni : 0.01— 1.0 wt%> 
Mo : 0.01—1.0 wt%> 
V : 0.01— 0.3 wt^. 
Zr : 0.01— 0.3 wt%:feckt* 
B : 0.0001— 0.0050wt% 

Bp ; Ca : 0.0001M).0050wt^^<fctf 
REM : 0. 0001—0. OOBOwt % 

[#£Wo#iiffl&lfcW] 
[0 0 0 1 ] 

SillSKIMU fc < ug|5Ba$TS*«980 MPa tLLT% M 

xttu«tL*aw»Kf»i^i«±5 x 

[0 0 0 2] 

^tt^^p D pii, v-frm*. Tttetf 

*px. ft*fJrax*4rtt^o«jKsnxox«4rftr*is§ 

««"C**«>0^ -UX\ iraXteOffiT*JH< iv>? 

t> 980 MPa ja±O5t0tTM±. +^fiv^{fc*f»t > tL 
50 Btftt, #tf7?>i;tt, ftWftJtifOJoiWIttWI 
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ttiiL4it*ttfft?>ar^o*^«t?*ofco iDX 
RL«l»i:J:orit IWfcltjWtUft < ft 0 ih ?T5fi 

[0004] wams»i«os[*t lt, mx.\t. 

#BB«60-181231-^£*L *SfHJBB50-15 

^OtOt*4o *fc*B¥S-277742^&«llJ:WHFBI 
T4-236741^ffi^ii, ?I?g?^S980 MP a JSLtOiME 

[0 0 0 5] 

5l5K5SK* f 980 MP aVX±T~$>2>mMmt)ffil±%\b 
*fc»0*f»S:»ffiil*S:«3ie-f&fcO-e*«). 980 M 

(^ffiif^) ^60000 MP a • %. 5i*S14/N^>XO 
ftUt LT, T S XE 1 ^16000 MP a • %, 4fc|$ffc 
JtYR : 60-70%i:1-^o S*>U, ±IB#*t##14tiSn 

[0 0 0 6] 

fc*0#ftl ftW^btt, JtffiOg^ 
&tt*^*ffv*tMtt**Jhfc 0 -toft*, 

*ffi;TS-£&C:£:&<. fi£*Ktifc v>«*Lfc#rT7 y > 



(3) ffl2 0 0 0-2 8 2 1 7 5 

4 

JB03fc# jWi ^ tu SSfli K n - H Js «t * 
[0 0 0 7] &&Wiiz<D£ i ZtoRitzm^^x^ztiZZ 

(1) C : 0.05-0.20wt%> Si ! 0.05-0. 50wt%. Mn : 

io 1.0 -3.5 wt%, p :o.o5wt%^T\ s :o.oiwt%M 

T\ Nb : 0.005 -0.30wt%, Ti 10.001 -0.100 wt%, 
Cr : 0.01-1.0 wt%£ XXfk\ \ 0.1 wt%£lTSr** U 

fESu P> Ci\ Ti. Nb£ «t LKMnO#^-*g«i^ : 
0.05£«wt%)Si + (wt%) P) /((wt%)Cr + (wt 
%)Ti + (wt%)Nb + (wt%)Mn)^0.5 

20 ft< fc t l***2*fc1-*SMft"C*»K L*t^>f^ 

SPXtt^«ftfci8*5ftJKJ»g«|« 0 
[0 0 0 8] (2)±IE (1)UIB*oai«U*3V>T, JLffi 

ap ; Cu : 0.01-1.0 wt%, Ni : 0.01-1.0 wt%, m 
o : 0.01-1.0 wt%, v : 0.01-0.3 wt%. zr : 0.01- 

0. 3 wt % isXXfB : 0. 0001 -0. 0050wt % 

BP; Ca : 0. 0001 -0. 0050wt %& X O^REM : 0. 0001 - 

0.0050wt% 

30 (D^-ftlfr 2 #^ibgtf*t£ V>i**L^ 1 U 

fctt2«iSl±S:#*-r*ii:S:»»i:-f*, *DXttlc« 

[0 0 0 9] (3) C : 0.05-0.20wt%. Si : 0.05-0.5 
0wt%, Mn : 1.0 -3.5 wt%> P I 0.05wt%JiJlT\ S : 
0.01wt%WT> Nb: 0.005 -0.30wt%, Ti : 0.001 -0. 
100 wt%, Cr : 0.01-1.0 wt%JS J: VAI : 0.1 wt%J£lT 

nw*Fe&xv?^m^m^<vmmfrb* 

*), ^o±ffiSU P, Cr. Ti, Nb& XXMn<D&^H* 

40 0.05^((wt%)Si + (wt%) P) /((wt%)Cr + (wt 
%)Ti + (wt%)Nb 4- (wt%)Mn)^0.5 

V>M&iffifzLXtti-ZffiAy7*mumM&, tt*> 

±tfES^TfiK 950-800 K:izxf* i m£.1£L, i±m& 

»**-e»ai*iTV\ 500 -300 Dt-tW^ct^llt 
»XttU«^fca»»ft}ftffiSI*O»ift*tt 0 

[0010] (4)±ia (3)*cfB*o*ffiuijv^r, ±is 
50 AS; Cu : 0.01-1.0 wt%, Ni : 0.01-1.0 wt%, m 
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o : o.oi-i.o wt%> v : 0.01-0.3 wt%. zr : 0.01- 

0.3 wt%i3<ty f B : 0.0001 -0.0050wt% 

BS£ ; Ca : 0. 0001 -0. 0050wt % J3 <£ tfREM : 0. 0001 - 

0. 0050wt% 

[001 1 ] 

C : 0.05-0.20wt% 

C Ht , fiilSIRffi Sr^ljffl LTIP12: 54 < fc-f £ ft K#3f* 
nr&i7C*T-*>&o 3l3S5iSK 980MP am_h£t#£tcfi 
0.05wt%m±O^*^5?t?**^ 0.2 wt%^iiT 
*Wtt3^ft-r*0-C. C*(i0.05-0.20 

[0 0 1 2 ] Si : 0.05-0. 50wt% 

Site, »«ft±*::«#1-*^5re*«K -e<OSS*U:0.05 
wt%*»-Cli»»£tLfcv\, — 3fr, 0.50wt%£j®x_T^ 

< t£hm\ft\Z$>Z> 0 J: oT, Si*te0.05-0.50wt%<7) 
[0 0 1 3] Mn: 1.0 -3.5 wt% 

fcfclncUtl.O wt%^±OMn** ? ^S , r-*^^ 3.5 wt 

Mniiil.O -3.5 wt%<0^fflT^Di-^o 
[0 0 14] P : 0-05wt%JSlT 

ft*JDX140#ffc;S:lB< £ ilCft&Ot?0.05wt%&TO 

[0 0 15] s : o.oiwt%mr 

*JI»OJ6a**«i:44rt:ft* *o4tittftv»it 
a*Si*L* 0 S^*S^0.01wt%tlTO|EH-C<i, SSS 

OT0.01wt%^±Kt Lmtti^o 
[001 6 ] Nb : 0.005 -0.30wt% 
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^t^^MitLtv^o do J; -) ft £&*l±o.005 
wt % VX±<nm\\X~§m't h if, 0. 30wt % Srfi T^f $ 

1££f&T£^&o iot, NbmliO.005 -0.30wt%O$E 
H^-T^o ftJ3, fiPi L < Ii0.01 —0. 1 wt%t + * 0 

[0 0 1 7] Ti : 0.001 -0.100 wt% 
Tit*. Nbi:W«t^ IfUiftoWi, ??&Affi£(cf£ 

^*£iftto#»tttw±$*&7tftu*»ft^*-e* 
70 & 0 dtubojfi Lv^^ti, 0.001 wt%£i±ojfitn-c 

t, 7 ? 4 h mm*m # ft v^*/ho**naft* f /> s < 

— *\ 0.100wt%£jg;i£Ti£^£^&<i:, 3£«ft£t 

»<i0.001 -0.100 wt%t-r* 0 ft&> 4fiL<ii 0.0 
05-0.05wt%^-t^> o 
[0 0 1 8] Cr : 0.01-1.0 wt% 

o.oiwt%*iffiT^±^coji*(i^ft i^i.o 

ftftttfc^flJfcfcAo iot, Cr»(i0.01-1.0 wt%<h 
1"*o ftib\ 4fi L< (iO.05-0.5 wt%t1-^>o 

[0 0 1 9] Al : 0.1 wt%JAT 
Alii, K»^J:lf*ft»^*je*co*9i)*:|fii±S** 
fcfttc*r«rft7c3R"C*^**, 0.1 wt%*fix.TSSftlLT 

®tt«4>*<ti-*or- o.iwt%jaTti-*o 
50 [0020] Cu : 0.01-1.0 wt%. Ni : 0.01-1.0 wt 
%, Mo : 0.01-1.0 wt%, v : 0.01-0.3 wt%. zr : 0. 

01-0.3 wto^&J^B : 0.0001-0.0050wt% 

T-*»), -eoS6*(iv^r*t07C*i: i0.01wt%m±rt# 

9*>> Cu, Ni. MoT*(±^-^tt1.0 wt%jBx.T, $ ^ 

v, zrr(i^tL-etio.3 wt%*Sx.TiSSntr t> 

40 -2>o iot, Cu. Ni, Mo<7)&7C^(i0.01-1.0 wt%, V 
*5J:t^2r*40-01-0.3 wt%O|6H-eiSJni-* 0 ftio\ 

*o -OJ; 9 fta#«:»*fefttc(i, 0,0001wt%m±O 
^iPA^S-C*^**, 0.0050wt%*S£TiS»DLT<> $ 
?>44a&** f #«bixfti/^<o-e, 0.0050wt%^±|®<!: LT 

50 [0 0 2 1 ] 



-4- 



7 - - 

Ca : 0. 0001 -0. 0050wt % , REM : 0. 0001 -0. 0050wt % 
CateXlffW 14, *ffc*W|tO«fm!»*3*«ffcLr, ftft 

f) , #tT 7 9 > v'ttOfiTtWiMi- 4»#t*L-Cv 
-2>o i tL ?> Ox&Oi^inSri*, -f-^-rtt0.0001wt%*8S 
TN±iSJn©SMW*»S $ ilf , — #0. 0050wt 
aiiDLTt-f-oa^ttfOl-io tot, Ca, REM t 
*>> 0.0001 -0.0050wt%O$SBt:y^n1-£o 
[0 0 2 2] 0.05S((wt%)Si + (wt%) P) /((wt 
%)Cr + (wt%)Ti + (wt%)Nb + (wt%)Mn) SO. 5 

m m <r> y r z m z> k h , * aissw * o #5? a* 
si, pst7x5-f h±*feit7c**#*tc-s-^r 

T£ffi< 0 — Cr, Ti, Nb^tVN'-^'f h<D£.m.£$\l 
T*\ YROffi:T^JS<c Mnt±, ^-^T^-f h 

^ftLfcti^, lit L£YR£#£lZi±, ((wt%)S 
i + (wt%) P) /((wt%)Cr + (wt%)Ti + (wt%)N 
b + (vrt%)Mn)<7Xft £0.05-0. 5 OjlBKSW-t & £ t 

*> l«*^^^l|2ffl<7)a^(-i-.?>£i:^nril(C^^ 0 
[0 0 2 3] : ^ hffi<0#«^**#-t 

*mtz-ttz*>\Z\^ s<41-4 hffi#«^4r60-90%* 
Tri**. C, 0^^*90% W± fc & & t Y R rfft < 

(JIS G0552 ) izmCxmattz'h(7)X\ JIJ£^[6j.fc«fc 
[0 0 2 4] ZVX.oKUi-'f hffl#«53-$£60-90 
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980 MP a J£H±<DjB*5»*-C, #1^7 7 > vftKffitU 

&o #3P^-CI±, £OJ; t &flS*t*:#14t LT, TSx 
A (Ttfetf^) S60000 MP a • %, T S XE 1 S1600 

0 MP a • %, PffltJtYR I 60-70% /6*itAT*#*o * 
i3, YR* s 60*itT"li, u-»&^BtiLW9E.CfKJB* 

70 [0025] tkizm&g-m-i^ruw-fZo X?7l± 

20 y — a^mZ&TZ&tz<0-t>iZWm%ki?T*:7 13. 

1 Lv 0 

[0 0 2 6] 

• x vrtu^m (s rt) : 1100-1 3oo"c 

1300"CJil.Tcor-# t) fSjgt -fz, zttffti Lv- 

1100-1300'C(O^Ht-t^»o 'iiJ, »i t< (41200'CW 

Tin. 

• tt±lfJE5£i£T*S* : 800-950 "C 

30 ft±tfffg»TiaR** 800t;*jSr*i4ff5IB#<7)^^ 
<, ffc*«iJ£*o 950"Ci 

0*a-CJ±««l*&-fti|t«* f »c > it4<*4o ioT, 
ft-htfEMI?-7iaK<i 800-950 'COUfflt t"-5>o 
[0 0 2 7] • S»WEK*i-T«0**P 

»e*7«i*o.5 mm^tm^mt^L, sor/sec m 
s^7x7^ bffi^t^^^-Y hffim^offi^^f 

S. SOr/sec Ji).±OiSJ8T*^-r*C tlC4 l?, 

• : 300 - 500 "C 

50 fijaaeawBTJwtL, ?<btcf§ B B B i3: 
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[oo28] mm, M77> ->m± (Kmr m t?\ 
mmt<7>Nmz, ^^tvt^^^txytmLx^ 

Ltz^<DXhZ> 0 §£WfflWi. 0.08-0. 15wt%C -0.20 
wt %Si -3. 0 wt %Mn-0. 04wt %AI -0. 04wt %Nb-0. 020 
wt%Ti-0. 10wt%Cr-0.020 wt% P -0.0020wt% S <Offi 

ilSSrSBtysec, #JfriS)££350 -400 ttLfct<7)f 

&%t*<7)&wx%:wtitm%-?x^z> 0 mifrh, 

W f^MfI«l±980 MPa W±<03 |?S5*K^# f> tlT 

[p] ± l r v > h z. t & t> z> o 

[0 0 2 9] 

immm] mmmi 

'&Wim&*?-7 (X9:/J¥260 mm) SzaiT-^-iii 
?£, 1048r-m6 < C^*D^L, tt±tf)±®|?-TzajS^87 
0 -900 "Ct1-^fiKE5S^ffv\ i}I|l7l0.4 fWBl 
rtic, <%±Pi£K£60- 70 < C/sec t LT<£iPU 360- 
310 'CT^HX^ 2.0 mmV&mmfat Lfz a WhK 

tzmmmmz-o^x, i^T(ommmmmLtz 0 * 
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* • Tt&lf^ : ^ffljgSdo =10mmO^:^fTlS# > 60° 

^id^igL,, Ttfelf^ (%) = ( (d-do ) /d 
o ) X100 t LTUfcBLTto 

50 mm, *°>-^W 

10mm f , ^Y^.W10mm 5} ) n - ;ujg?f^ SBSff^ 

• fttt'SDX : f««^-H.if®^^?KmifM (=»-■*- 

iO — R10mm j, „ Bfffi-^'f X100 mmX60mm) <7)/<<i 7* 
ftCftiLttO^rft ^#g500 m m T* ft I f *DX £ fr 

• iin^K^ : il:g50mm^C0^>^--C^ct9Jt1.80O 

nw^ssoiJoiL, zfiim.^[zm^xm\'M^ 
&mmnmit%±cr>mmxwmLfz 0 *2dis:^*^ 

[0030] mmm 2 

gkmrnfozmmLfz* mbittzmmmm^^x, mm. 

3 (C^-to 

[0 0 3 1 ] 
[361] 



ft * & 





c 


Si 


No 


p 


S 


Ti 


Nb 


Cr 


At 




X 


A 


0. 05a 


0.10 


L60 


0.020 


0. 0080 


0. 050 


0.020 


0.05 


0.022 




0.070 


B 


0.152 


a 45 


2.50 


0.020 


0,0065 


0.048 


0.050 


0.09 


0.024 




0.175 


C 


0.04? 


0.10 


L70 


0.020 


0.0070 


0.038 


0.020 


ais 


0.023 




0.063 


I> 


0.103 


0.48 


2.54 


0.007 


a 0054 


0. 045 


0.050 


(L30 


0.022 




0.166 


E 


0.085 


0.19 


3.02 


0.014 


0.0028 


Q. 017 


0.048 


0.05 


0.052 


Ca/Q.0023 


0.065 


F 


a 080 


0.20 


3.05 


a 017 


0.G023 


0.005 


0.043 


aos 


0.052 


Zr/0.05 


0.069 


G 


0.061 


0.20 


Z98 


0.017 


0. 0015 


0.005 


0.038 


a 17 


0.052 


Cu/0. 2 
Ni/0.1 


a 068 


H 


0.083 


0.21 


3.01 


a 018 


0.0008 


a 017 


0.041 


a 17 


0.038 


Ci/ 0.0008 


0.070 


I 


a 082 


a 18 


2.95 


0,017 


0.0018 


0:030 


0.044 


a 05 


0.038 


Ma/a 2 


0.064 


J 


0.076 


a 24 


3.02 


0.017 


0. 0046 


a 015 


0.048 


aos 


0.038 


cWooio 


0.082 


K 


0.064 


a 12 


2.55 


a 022 


a 0004 


0.005 


0.047 


0.05 


0. 03S 


B/aooio 


0.054 


L 


0.082 


a 13 


2.95 


a 025 


0.0038 


0.020 


0.042 


0.05 


0.024 


RBM /U 03 


0.051 


M 


0.076 


0.35 


3.05 


0.018 


a 0065 


0.005 


0.045 


0.05 


0.022 


V/0. 15 


0.117 


N 


0.150 


0.20 


3.07 


0. 008 


0.0090 


0.015 


0.045 


0.25 


0.045 




0.062 


O 


fUSSL 


0.18 


2.06 


0.015 


0.0034 


a 010 


0. 005 


a 05 


0. 048 




0.092 


P 


0.075 


a 15 


fl. 32 


0.022 


a 0024 


0.005 


0.048 


0.05 


0.055 




0.407 


Q 


0. 122 


0.21 


L98 


0.013 


0.0114 


0.045 


0.005 


0.05 


0.062 




0.107 


R 


0.080 


0. 59 


L50 


0. on 


0.0012 


0.082 


0.005 |0. 05 


0.020 




0.349 


S 


0. 080 


0.20 


3.00 


0.020 


0. 0020 


HOOP 


0.040 


0.10 


0. 040 




0.070 


T 


0.080 
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